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Abstract 
Romanian forex market is an emerging market with periods of high volatility. The Romanian exchange rate was for a long 
term on a depreciating trend in nominal terms interrupted by short bursts of appreciation. The paper applies a FIGARCH 
model (Beine at al., 2002) for measuring the volatility of exchange rates in order to see how the forex market actors react 
to shocks in the exchange rate. We used daily data of Ron-Euro exchange rate between 2007 and 2012. Our results 
indicate that the exchange rate is highly fractionally integrated, indicating a fast process of mean reversion. The source of 
the exchange rate persistence is difficult to be explained and may be accounted for by unobserved factors or by the central 
bank intervention. If there are structural breaks in data, then the exchange rate could falsely indicate persistence in the 
data. In order to test for the spurious long-memory, we used a Zivot-Andrews Unit Root Test. 
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1.  Introduction 
The exchange rate is a highly important indicator in the socio-economic development of a country 
influencing the prices of goods and services market and of the monetary market as well. 
Romania had experimented after 1989 as the other Central and East-European countries different exchange 
rate regimes, from dual exchange rate, at the beginning of the transition period, to managed floating exchange 
rate up today. The changing economic environment based on the restructuring processes and the development 
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of domestic forex market influenced the evolution of exchange rate which was characterized by a long period 
of depreciation tendency in nominal terms, interrupted by short period of appreciation. Romanian forex 
market, as an emerging market is confronted with high volatility. The daily fluctuations of the exchange rate 
were even more pronounced and difficult to predict having in mind that the source of the exchange rate 
fluctuations is difficult to be explained by unobserved fundamentals or by the central bank intervention. For 
the forex market actors, is very important to have an instrument to forecast the daily evolution of the 
exchange rate. Starting at the middle of December 2004, the exchange rate is determined by the demand of 
supply of the market and the National Central Bank of Romania limited its intervention on forex market. 
Consequently, the exchange rate policy becomes more flexible than the supervised one. Under such 
circumstances, new forecasting tools are highly demanded to predict the short term fluctuation of exchange 
rate. Many studies and models have tried to discover the future trend of the yields, starting from a set of data 
from the past based on the random walk hypothesis. Accent has been put in this process on the residual yields, 
having in mind that they have an important influence on the studied yields. Due to the risk caused by the 
evolutions of the exchange rate market, the necessity of the management of exchange rate risk led to testing of 
its modelling through conditional variance. There is a large volume of literature that debates the 
characteristics of the time-varying returns in foreign exchange rate. Most studies analyze how the amplitude 
of the variance varies over time. 
According to Sengupta and Sfeir (1996), the autoregressive models offer the possibility to test the random 
walk hypothesis and the conditional variance process allow testing the chaotic dynamics hypothesis, 
especially the Lorentz type chaos. Baillie and Bollerslev (1989, p.297) mention the contributions of the 
Mandelbrot (1963) and Fama (1965) who show that the price evolutions is “characterized by tranquil and 
volatile periods and the unconditional distributions of the price changes were typically fat-tailed or 
leptokurtic” and according to the study of the McFarland et all (1982) and Hsieh (1988) differ across different 
days of the week. The presence of the asymmetries, of the heteroscedasticity phenomena in financial time 
series and of the volatility clustering (volatility pooling) are well captured by the GARCH and ARCH models, 
the last ones formulating the conditional variance, of the yields through the maximum likelihood probability, 
instead of using the standard deviation of the sample. Engle (1982) developed the autoregressive conditional 
heteroscedasticity model (ARCH). Later it was developed the autoregressive conditional duration model 
(ACD) by Engle and Russell (1998) for data with irregular intervals and high frequencies taking into 
consideration that the timing is essential for financial transactions and such models offers possibility to 
clustering the information. The models applied the asymptotic properties of the maximum likelihood as a 
corollary of the result of ARCH models. Beine and Laurent (2000, p2) mention the existence of "strong 
interaction between structural change and long memory in the field of exchange rate volatility" that could be 
capture better using the Markov-Switching FIGARCH model. They started from the studies of long memory 
realized by Baillie, Bollerslev and Mikkelsen (1996), Tse (1998), Beine et all (1999) that "have used the 
exchange rate return to provide strong evidence in favour of FIGARCH model" (Beine and Laurent, 2000, p2) 
and the study of Bollen, Gray and Whaley (2000) who used the Markov-Switching analysis in order to capture 
the structural change.  
The research is structured in three parts. The first part approaches some literature review regarding the 
development of the models adapted for high frequency and heteroskedasticity analysis models as ARCH and 
GARCH models and some of their extensions. The second part presents the data and tests regarding the 
characteristics of the time series, of the RON/EURO efficiency regarding the probability efficiency 
distribution of the exchange rate, on the basis of the exchange rate volatility equation will be made. In the 
third part of the work we have done some evolution equations of the exchange rate using the ARCH, GARCH 
models and their deviations. At the end of the paper we draw the conclusions. 
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2. Data
The study of the volatility of the RON-EURO exchange rate was realized for a series with a daily frequency 
between 1.01.2007-30.03.2012, from the EUROSTAT database. The series of the daily data of the exchange 
rate is calculated as difference in logarithms. The statistics of the data series show a more leptokurtic and 
asymmetric distributions. The presence of the volatility in the series of the daily evolution of the Ron-Euro 
can be easily traced as observed in the figure 1 which shows the volatility clustering. 
Fig. 1- The volatility of the RON-EURO exchange rate during 1.01.2007-30.03.2012 
3. Methodology
While the shocks in the conditional variance in the GARCH model disperse exponentially, in the 
IGARCH models the shocks persist for ever. The situation in between is covered by the FIGARCH model 
in which the shocks dissipate at a slow hyperbolic rate. Generalizing the ARFIMA model, Baillie et al. 
(1996a) proposed a FIGARCH (Fractionally Integrated Generalized Autoregressive Conditional 
Heteroscedasticity) model and applied a FIGARCH(1,d,1) model in a following paper Beine et al. (2002) to 
analyze the effects of official interventions on the volatility of exchange rates. The paper results showed 
marked differences with the common Garch framework of analyzing volatility in the sense that the classic 
Garch models underestimated the effect of central bank interventions on the volatility of exchange rates. 
Similar results were shared by Vilasuso (2002) who also showed by fitting several Garch models to daily 
spot exchange rates that a FIGARCH(1,d,1) model has the ability to produce better volatility forecasts, thus 
being able to capture more adequately the data generating process.  
Chung’s (1999) paper proposed to estimate the FIGARCH model, generally referred to as 
FIGARCHC (p, d, q), where ߪଶ is the unconditional variance of the errors. The conditional variance of the 
FIGARCH (Chung 1999) model may be written as: 
ߪ௧ଶ ൌ ߪଶ ൅ሼͳ െ ሾͳ െ ߚሺܮሻሿିଵ߶ሺܮሻሺͳ െ ܮሻௗሽሺߝଶ െ ߪଶሻ (1) 
and if  
ߣሺܮሻ ൌ ͳ െ ሾͳ െ ߚሺܮሻሿିଵ߶ሺܮሻሺͳ െ ܮሻௗ (2) 
Then the conditional variance may be written as 
ߪ௧ଶ ൌ ߪଶ ൅ ߣሺܮሻሺߝଶ െ ߪଶሻ (3) 
The main condition for stationarity is that Ͳ ൑ ߶ ൑ ߚ ൑ ݀ ൏ ͳ (see Chung 1999). 
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4. Empirical results
The descriptive statistics for the exchange rate return are presented below in table 1 and shows a high 
kurtosis for the Ron-Euro daily exchange rate and a positive skewness.  
Table 1: Descriptive statistics of Ron-Euro exchange rate returns (2007-2012) 
No.obs Mean Variance Skewness Kurtosis 
1347 0.0192 0.21914 0.62620 7.76525 
We have fitted a series of ARFIMA for the mean equation but none were significant. We have also tested 
also for the ARCH in Mean effect and we did not find any significant relationships. The conditional variance 
was fitted with different Garch specifications in order to uncover a suitable data generating process. Table 2 
summarizes several Garch models fitted with Student Distribution, their log-likelihood values and the 
respective information criteria, SC, HQ and AIC.  
The main downside of the Student distribution is that it is symmetric, while in our case the exchange rate 
shows a positive skew, illustrating the depreciation of the nominal exchange rate between 2007 and 2012. The 
fractional integration parameter d is 0 if the process does not exhibit long-term memory and the model thus 
reduces to a simple GARCH process, while if d=1 then the process may be written as a integrated GARCH 
process (IGARCH). 
Table 2: List of Garch models  
Nr.crit Model  Log-
likelihood 
Distribution SC HQ AIC 
1. GARCH -525.288 Student 0.80668 0.79460  0.7873 
2. EGARCH -525.4 Student 0.81755  0.80063  0.79050 
3. GJR -525.138 Student 0.81181 0.79731  0.78862 
4. APARCH -524.968 Student 0.81691 0.79999  0.78986 
5. IGARCH -526.239 Student 0.80275 0.79308  0.78729  
6. FIGARCH -BBM -522.705 Student 0.80820 0.79370  0.78501 
7. FIGARCH-CHUNG -521.782 Student 0.80683 0.79233  0.78364  
8. FIEGARCH -519.346 Student 0.81391 0.79457  0.78299 
9. FIAPARCH-BBM -521.723 Student 0.81744  0.79810  0.78652 
10. FIAPARCH-CHUNG -521.259 Student 0.81675  0.79741  0.78583 
11. HYGARCH -520.895 Student 0.81086  0.79394 0.78381  
12. RISKMETRICS -548.188 Student 0.82464 0.81980  0.81691 
Based upon the information criteria, the following models were selected: IGARCH (SC), FIGARCH-
CHUNG (HQ) and FIEGARCH (AIC). Since the estimated fractional parameter d is higher than 0.5, it is not 
unexpected that the IGARCH model was selected. Given that the models fitted showed significant results of 
fractionally integration we did not chose an IGARCH model. We have also rejected the FIEGARCH model 
due to the convergence problem encountered. For the possible reasons for not achieving convergence see 
Chung 1999. The initial resulting model is a FIGARCH-CHUNG. The FIGARCH model was retested with 
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different distribution assumptions. The results are presented below in table 3. 
Table 3: Distributions for the FIGARCH (Chung) model 
Nr.crit Model            Log-likelihood   Distribution SC HQ AIC 
1. FIGARCH-CHUNG -573.923 Gauss 0.87890 0.86681 0.85957 
2. FIGARCH-CHUNG -521.782 Student 0.80683 0.79233  0.78364 
3. FIGARCH-CHUNG -523.959 GED 0.81006 0.79556 0.78687 
4. FIGARCH-CHUNG -521.124 Skewed Student 0.81120 0.79428 0.78415 
The resulting model for the Ron-Euro exchange rate between 2007 and 2012 is a FIGARCH (CHUNG) 
with Student distribution for errors. Although we have tested the mean equation with AR (1), MA (1) and 
ARMA (1, 1) and ARFIMA, the results were not consistent. The final model is a pure FIGARCH (1, d, 1) 
with no regressors in the conditional mean equation, and with a fractional integration parameter d which 
shows a fast process of mean reversion (d=0.64). Table 4 presents the quasi-maximum likelihood parameters 
estimates for a pure FIGARCH(1,d,1) model, meaning that the mean equation has the form ݎ௧ ൌ ߤ ൅ ߝ௧ , 
where ݎ௧ are the returns (yields) of the daily Ron-Euro exchange rate. 
Table 4: FIGARCH (1, d, 1) QMLE estimates (2007-2012) 
 Coefficient  Std.Error   t-value 
ܿ -0.001826 0.0065116 -0.2805 
߱ 0.533076 0.27002 1.974 
d 0.638275 0.059936 10.65 
߶ 0.196875 0.089798 2.192 
ߚ 0.589482 0.10399 5.669 
Student (DF) 4.961065  0.46110  10.76 
The short-term dynamics is expressed by the GARCH parameters, while the long-term dynamics of the 
exchange rate returns is modelled by the fractional integration parameter d. The results of back-testing the 
FIGARCH (1,0.64,1) model indicate a good fit of the residuals and are shown in figure 2(a), while the 
standardized residuals are plotted in figure 2(b) and show the departures from normality in the tails of the 
distribution. 
Fig. 2: FIGARCH (1, 0.64, 1) for 2007-2012: a) Back-testing results; b) QQ plot of the standardized residuals 
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The normality tests indicate the presence of skewness and excess kurtosis in the standardized residuals. The 
Q-Statistics indicates that we cannot accept the alternative hypothesis of serial correlation on squared 
standardized residuals. The diagnostic tests presented in table 5, based on the news impact curve (Engle and 
Ng 1993), did not show any possible misspecification of the conditional variance equation. The sign tests 
looked for the presence of leverage effects and if the effect of negative/positive shocks to the conditional 
variance depended on their size.  
Table 5: Diagnostic tests for Ron-Euro returns between 2007-2012 
Nyblom test of stability Q-Statistics Tests based on the news impact curve  
(EGARCH vs. GARCH) 
ܿ 0.1086 
߱ 0.0817 
d 0.4672 
߶ 0.8314 
ߚ 0.6554 
Student 
(DF) 
0.0513 
* Asymptotic 5% critical
value for individual 
statistics = 0.47 
Lags Q-
Statistics 
on SSR
P-values 
Q (5) 0.8433 [0.8390] 
Q 
(10) 
5.648 [0.6865] 
Q 
(20) 
12.6471 [0.8120] 
Q 
(50) 
50.3296 [0.3813] 
Test P-value
Sign Bias t-Test 0.05744  0.9542
Negative Size Bias  
t-Test     
1.23267  0.2177
Positive Size Bias  
t-Test 
0.52096  0.6023
Joint Test for the 
Three Effects 
2.94082  0.4008
The Nyblom test for stability developed (Nyblom 1989) evaluates the null hypothesis that coefficient are 
stable against the alternative hypothesis that at least one coefficient does shift at some unspecified 
breakpoints. The test cannot determine the occurrence of structural breaks. Hansen (1994) gives an outline of 
the test. The joint Statistic of the Nyblom test of stability is 1.47348 and the individual tests for parameters 
indicate that they are stable. Because we have initially selected a long period to test for fractionally integration 
of the exchange period, between 2007 and 2012, we refined our search by dividing the sample in two 
subperiods: 1. January 2007-September 2009: a period that captures the evolution of the exchange rate after 
joining the European Union until the financial crisis;2. October 2009-2012: the crisis period and the period of 
government austerity measures. We re-estimated the model for the period 01.2007-09.2009 without including 
a constant in the mean equation.  
Table 6: FIGARCH (1, d, 1) QMLE estimates (2007-09.2009) 
 Coefficient  Std.Error  t-value 
߱ 0.336832 0.18089 1.862 
d 0.608001 0.097377 6.244 
߶ 0.179423 0.095517 1.878 
ߚ 0.634061 0.13649 4.645 
Student (DF) 4.922423 0.59671  8.249 
The results of Nyblom test, Q-statistics and tests based on the news impact curve, not presented here, 
indicate that the both models fitted for the two subperiods are stable. Although not presented here, the 
diagnostic tests for Ron-Euro returns between 2007-09.2009 have showed that is still evidence of serial 
correlation at longer lags (50th lags), indicating a long-memory process in the exchange rate. We have found 
that the fractional parameter d is higher for the first subperiod, d=0.61, than in the second where d=0.49. The 
diagnostic tests for both subperiods indicate a long-memory process in the data. 
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Table 7: FIGARCH (1, d, 1) QMLE estimates (10.2009-03.2012) 
 Coefficient  Std.Error  t-value 
߱ 0.077481 0.082431 0.9400 
d 0.499862 0.086862 5.755 
߶ 0.246133 0.16983 1.449 
ߚ 0.417794 0.18648 2.240 
Student (DF) 5.759399 0.91227 6.313 
Fig. 3: QQ plot of standardized residuals of the FIGARCH model 
Except for few extreme values, we consider that the FIGARCH model fits the exchange rate rather well. 
There are some extreme values which couldn’t be captured by the model given the mechanics of the Garch 
model. A stochastic volatility model may be fitted in future works for dealing with the unobserved factors 
that may influence the exchange rate volatility. Granger and Hyung (2004) pointed out that due to structural 
breaks in the time series, the series could falsely indicate persistence in the data. In order to test for the 
spurious long-memory in the exchange rate returns we analyze both subperiods for fractionally integration 
and for structural breaks. We tested for structural breaks with Zivot-Andrews Unit Root Test (Zivot and 
Andrews, 1992) and the test indicated that there are breaks in the data. The main drawback of the test is that 
it is able to test only for one endogenous break.  
5. Conclusions
Analyzing the Ron-Euro exchange rate after joining European Union until 2012, we came across a high 
degree of persistence in the exchange rate by fitting a FIGARCH (1,d,1) with no regressors in the conditional 
mean equation, and with a fractional integration parameter d which shows a fast process of mean reversion 
(d=0.64). Since there may be several factors that can induce persistence to the exchange rate, we have firstly 
fitted the FIGARCH model to two subperiods, the first one being from 2007 until the outbreak of the global 
financial crisis in September 2009 and the second one until March 2012. The diagnostic tests for both 
subperiods indicate a long-memory process in the data. We have found that the fractional parameter d is 
higher for the first subperiod, d=0.61, than in the second where d=0.49 due to the turbulences in the forex 
market that followed the financial crisis. Although the QQ plot shows a rather good fit of the data, there are 
extreme values unaccounted by the model, more in the second period than in the first. Secondly, since there 
may structural breaks in data that can modify the dynamics of exchange rate returns so that they may falsely 
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indicate persistence in the data, we have tested for breakpoints with the Zivot-Andrews Unit Root Test. The 
test indicated breakpoints in the data, but since the test is able to detect only one endogenous break, we cannot 
reject that there is a long memory process in the exchange rate.  
References 
Baillie, R. T., Bollerslev, T., 1989. The Message in Daily Exchange Rates: A Conditional-Variance Tale, Journal of Business and 
Economic Statistics, July, 1989, Vol7, No.2, 297-305. 
Baillie, R. T., Bollerslev, T., Mikkelsen, H. O., 1996. Fractionally Integrated Generalized Autoregressive Conditional Heteroskedasticity, 
Journal of Econometrics,(741): 3–30. 
Baillie, R. T., Han, Y. W., Kwon, T., 2002. Further long memory properties of inflationary shocks, Southern Economic Journal 68,  
496-510. 
Beine, M., Bénassy-Quéré, A., Lecourt,C., 2002. Central Bank intervention and foreign exchange rates: new evidence from FIGARCH 
estimations, ULB Institutional Repository 2013/10445, ULB -- Universite Libre de Bruxelles. 
Beine, M., Bénassy-Quéré,A., Lecourt,C., 1999. The Impact of Foreign Exchange Interventions: New Evidence from FIGARCH 
Estimations," Working Papers 1999-14, CEPII Research Center. 
Beine, M., Laurent, S., 2000. Structural Change and Long Memory in Volatility: New Evidence from Daily Exchange Rates, Working 
Paper, University of Liege. 
Beine, M., Laurent, S., 2003. Central bank interventions and jumps in double long memory models of daily exchange rates, Journal of 
Empirical Finance 10, 641-660. 
Bollen, N.P., Gray, S.F., Whaley, R.E., 2000. Regime switching in foreign exchange rates: Evidence from currency options. Journal of 
Econometrics 94, 239-276. 
Chung, C.F., 1999. Estimating the Fractionally Integrated GARCH Model, Working paper, National Taiwan University, Taiwan. 
Engle R.F, Russell, J.F., 1998. Autoregressive Conditional Duration: A New Model for Irregularly Spaced Transaction data, 
Econometrica, Vol.66, No.5, 1127-1162. 
Engle, R.F.,Ng, V.K., 1993. Time-Varying Volatility and the Dynamic Behavior of the Term Structure, Journal of Money, Credit and 
Banking, Blackwell Publishing, vol. 25(3), pages 336-49. 
Engle, RF., 1982. Autoregressive Conditional Heteroskedasticity with Estimates of the Variance of UK Inflation, Econometrica, 50, 987-
1008. 
Fama, EF., 1965. The Behavior of Stock Market Prices, Journal of Business, 38, 34-105. 
Fantazzini, D., 2011. Fractionally Integrated Models for Volatility: A Review, in Nonlinear Financial Econometrics: Markov Switching 
Models, Persistence and Nonlinear Cointegration, Palgrave-MacMillan. 
Granger, C.W.J., Hyung,N., 2004. Occasional structural breaks and long memory with an application to the S&P 500 absolute stock 
returns, Journal of Empirical Finance, 11, 399– 421. 
Hansen, B.E., 1994. Testing for Structural Change in Conditional Models, Journal of Econometrics, 97(1), 93-115. 
Hsieh, D.A., 1988. The Statistical Properties of Daily Foreign Exchange Rates:1974-1983,Journal of International Economics,24,129-
145. 
Mandelbrot, B., 1963. The Variation of Certain Speculative Prices, Journal of Business, 36, 394-419. 
McFarland,J.W., Pettit,R.R., Sung,S.K., 1982. The distribution of foreign exchange price changes: trading day effects and risk 
measurement, Journal of Finance, 37,693-715 
Nyblom, J., 1989. Testing for the Constancy of Parameters Over Time, Journal of the American Statistical Association, 84(405): 223–230. 
Sengupta J. K., Sfeir, E. R., 1996. Modeling exchange rate volatility, Department of Economics, University of California, Santa Barbara, 
Working paper 12-96, www.econ.ucsb,eu/papers,wp12-96.pdf. 
Shimotsu, K., 2006. Simple (but effective) tests of long-memory versus structural breaks, Queen’s Economics Department Working 
Paper, 1101. 
Tse, Y. K., 1998. The conditional heteroscedasticity of the yen-dollar exchange rate, Journal of Applied Econometrics, John Wiley & 
Sons, Ltd., vol. 13(1), pages 49-55. 
Vilasuso, J., 2001. Causality tests and conditional heteroscedasticity: Monte Carlo evidence, Journal of Econometrics (1), 25-35. 
Xekalaki, E., Degiannakis,S., 2010. ARCH Models for Financial Applications,Wiley. 
Zivot, E., Andrews, D.W.K., 1992. Further evidence on the Great Crash, the oil price shock, and the unit-root hypothesis, Journal of 
Business and Economic Statistics JBES, 10(3), 251-270. 
